INTRODUCTION
Approximately eight percent of the working population suffers from insomnia while about one third reports insomnia symptoms. [1] [2] [3] Sleep problems and insomnia are associated with increased risk of adverse health outcomes, such as type 2 diabetes, 4 chronic musculoskeletal pain, 5 and cardiovascular disease. 6 Furthermore, insomnia may impair work performance and productivity as well as increase the risk of adverse safety outcomes, sickness absence and work disability. [7] [8] [9] [10] [11] The unfavorable consequences for both individuals, workplaces, and society puts insomnia as an important public health concern, and underscore the importance of identifying modifiable risk factors for prevention.
Several cross-sectional studies have shown that physical work demands are associated with sleep problems and insomnia. [12] [13] [14] [15] [16] For instance, repeated and monotonous movements, twisted work positions, breaking into sweat each day, shaking and vibration, and moving or lifting heavy loads are associated with disturbed sleep. 12 13 Likewise, much walking at work, lifting and/or heavy manual labour 15 as well as prolonged periods with hard physical exertion at work are associated with poor sleep. 14 However, a recent prospective study found no association between long-term exposure to physically demanding work tasks and risk of insomnia symptoms. 17 These inconsistent results warrant further exploration of the association between work demands and insomnia, and differences in physical capacity between workers may be of particular importance. It is conceivable that long-term exposure to similar physical work demands may elicit different effects depending on the physical capacity of the individual worker.
Perceived work-related physical fatigue may therefore capture the relative load imposed by physical work exposure better than classifications based on work type and physical work demands. Work-related fatigue has been suggested as an important factor on the causal pathway between high work demands and various health problems. 18 Still, no previous study has prospectively examined if work-related physical fatigue increase the risk of insomnia.
Furthermore, high physical work demands is strongly associated with both musculoskeletal pain 19 and increased risk of insomnia. 20 Thus, it is conceivable that chronic musculoskeletal pain further amplifies any adverse effects that heavy workload and work-related physical fatigue might have on insomnia risk. Knowledge on such as interplay between physical work demands, work-related physical fatigue and musculoskeletal pain would be valuable for improved prevention of insomnia in an occupational setting.
The aim of this population-based study was therefore twofold. First, to prospectively examine the association of physical work demands and work-related physical fatigue with risk of insomnia symptoms. Second, we explored if chronic musculoskeletal pain amplified any adverse effects of high work demands or physical fatigue on risk of insomnia. 
METHODS

Physical work demands
Physical work demands were assessed by the question: "How would you describe your work?", with four possible response options: "Mostly sedentary work (e.g., at a desk, on an assembly line)", "Much walking at work (e.g., delivery work, light industrial work, teaching)", "Much walking or lifting at work (e.g., postman, nurse, construction work)", and "Heavy physical work (e.g., forestry work, heavy agricultural work, heavy construction)".
Work-related physical fatigue
Work-related physical fatigue was assessed by the question "Is your work so physically demanding that you are often physically worn out after a day's work?", with the response options: "Yes, nearly always", "Quite often", "Seldom" and "Never, or almost never". Based on these answers we constructed a new variable to categorize participants into three categories:
Never/seldom fatigued (never or almost never/seldom), often fatigued (quite often) and always fatigued (yes, nearly always).
Chronic musculoskeletal pain
Chronic musculoskeletal pain was assessed by the question: "During the last year, have you had pain and/or stiffness in your muscles and limbs that has lasted for at least 3 consecutive months?" with response options "Yes" and "No".
Insomnia symptoms
Insomnia symptoms in HUNT2 was assessed by two questions: "Have you had problems falling asleep during the last month?" and "During the last month, did you ever wake up to early, not being able to fall asleep again?" with four responses options on each question: "Never", "Occasionally", "Often", and "Almost every night". Participants who reported "Never" or "Occasionally" on both questions were considered unlikely to have insomnia at baseline and were included in the study. Participants who reported "Often" or "Almost every night" were excluded from the study.
In HUNT3, classification of insomnia was based on four questions to approximates the diagnose of insomnia according to the DSM-V criteria. Statistical analysis A modified Poisson regression was used to estimate risk ratios (RRs) of insomnia symptoms associated with work-related physical fatigue, physical work demands and chronic musculoskeletal pain. Participants who reported work-related physical fatigue "often" and "always" were compared to the reference group who reported to experience fatigue "never/seldom". Participants who reported "much walking", "much walking and lifting" and "heavy physical work demands" were compared to the reference group with "mostly sedentary work". The precision of the RRs was assessed by 95% confidence intervals (CIs) using robust variance estimation. All associations were stratified by sex and adjusted for age (20-29, 30-39, 40-49, 50-59 years) and education ("primary school", "high school" "college ≤4 years", "college >4 years" and "unknown"). Work-related physical fatigue was additionally adjusted for physical work demands (mostly sedentary, much walking at work, much walking or lifting at work, heavy physical work).
We estimated the joint effect of physical work demands and chronic musculoskeletal pain on risk of insomnia symptoms, using workers without pain and mostly sedentary work as the reference group. In analysis of the joint effect of work-related physical fatigue and chronic musculoskeletal pain on risk of insomnia, participants without pain who seldom/never experienced fatigue served as the reference group. The analyses of joint effects were adjusted for age, education and physical work demands as described above, and also for BMI (18.5-24.9 kg/m2, 25.0-29.9 kg/m2, ≥30 kg/m2, and unknown), smoking (no, yes, unknown), and leisure time physical activity (inactive, low activity, moderate activity, high activity, unknown).
Potential effect modification between the variables was assessed as departure from additive effects calculating the relative excess risk due to interaction (RERI Supplementary analyses were conducted to assess the robustness of the results. First, we included potential confounders associated with physical capacity as covariates in the multiadjusted models, such as BMI, smoking and leisure-time physical activity. Second, shift work and working hours are two known risk factors of sleep problems. 24 25 We excluded therefore workers with shift work and/or and long working hours (≥45 h per week) and assessed possible interaction with long working hours and/or shift work (this latter analysis was conducted on a pooled sample adjusting for sex). Moreover, because of potentially socioeconomic differences within the categories of physical work demands and fatigue, we excluded workers with higher education (≥13 years). Further, because 65.5 % of men who report heavy physical work were farmers or forest owners, we repeated the main analyses excluding these workers. Since high physical work demands can cause a shift in occupation towards less physically demanding jobs in older workers, we also stratified the analyses by age (20-39 years vs 40-60 years). Finally, we investigated the effect of work-related physical fatigue within strata of physical work demands and excluded workers who reported low job satisfaction.
All statistical analyses were performed using Stata for Windows, version 13.1 (StataCorp LP, College Station, Texas). 
RESULTS
DISCUSSION
The main finding of the current study was the strong positive association between work-related physical fatigue and risk of insomnia symptoms in both women and men. Workers who always experienced to be physically fatigued after work had more than twofold higher risk of insomnia symptoms compared to workers who never or seldom experienced work-related physical fatigue.
Chronic musculoskeletal pain seems to amplify this association. Physical work demands were not clearly associated with risk of insomnia symptoms in these data. Thus, the current findings suggest that initiatives aimed at reducing work-related physical fatigue and chronic musculoskeletal pain are of particular importance to reduce incidence of insomnia in vocationally active women and men.
We are not aware of any previous study that have investigated work-related physical fatigue as an independent risk factor for insomnia symptoms. Sluiter and colleagues showed that work-related physical fatigue may serve as an intermediate factor for the association between work demands and subjective health complaints, where the latter was defined as a combination of psychosomatic complaints, sleep quality, emotional exhaustion, and fatigue. 18 Thus, the current study expands one these findings by prospectively studying the independent effect of physical work demands, work-related physical fatigue and risk of insomnia symptoms. We found that work-related physical fatigue increased risk of insomnia symptoms in both women and men, also after adjusting physical work demands, suggesting that physical fatigue induces sleep problems irrespective of work demands. The underlying mechanisms for such an effect is unclear, but lack of proper rest and recovery could be a stressor that in turn has a negative influence on sleep. 26 27 Further, our results suggest that chronic musculoskeletal pain amplify the adverse association between work-related physical fatigue and risk of insomnia. Although the confidence intervals in the analyses of additive interaction were wide, they indicate additive interaction of work-related physical fatigue and pain with insomnia. However, it should be noted that physical work exposures and chronic musculoskeletal pain was measured at the same time. It is therefore possible that people with chronic musculoskeletal pain experiences an exacerbation of workrelated physical fatigue, which in turn increase the risk of insomnia symptoms. However, the exact mechanisms and temporal association between fatigue and chronic pain are poorly understood, 28 especially in relation to insomnia symptoms. Thus, these findings suggests that the risk of insomnia is especially high in pain-afflicted workers with excessive work-related physical fatigue, and provide novel insight into the interplay between physical work exposure and musculoskeletal pain.
The finding that heavy physical work demands reduced the risk of insomnia among men is somewhat surprising considering the results in other studies. 12 15 17 Cross-sectional studies have found a positive association between physical work demands and prevalence of sleep problems 12 or disturbed sleep, 15 but this was not replicated in a prospective study by Åkerstedt and colleagues. 17 The results from the cross-sectional studies may be prone to bias, particularly due to confounding by socioeconomic status or selection into occupations with high physical work demands that also are positively associated with sleep problems. To pursue some alternative explanations we performed a set of supplementary sensitivity analyses. However, the protective effect of heavy physical work among men remained after exclusion of farmers and forest owners, men with high education, low job satisfaction, shift work or long working hours. Further, the analyses of joint effects between musculoskeletal pain and physical work demands showed no interaction. However, it should be noted that chronic pain increased the risk of insomnia within all strata of physical work demands.
Strengths of the current study include the large population, the prospective design, and the available information on several potential confounders. Importantly, we excluded workers at baseline with insomnia symptoms and persons who used sedative and/or sleep medication. The insomnia questions in HUNT3 have been found to have acceptable reliability with kappa-values between 0.35-0.44. 29 The questionnaire on chronic musculoskeletal pain in HUNT2 was adopted from the Standardized Nordic Questionnaire, which has been shown to have acceptable reliability and validity. [30] [31] [32] Some limitations should be considered when interpreting the results. First, the classification of insomnia in HUNT2 was less specific than in HUNT3 in terms of approximating the DSM-V criteria. Second, the question on work-related fatigue has not been validated, and we cannot exclude the possibility that the reporting of fatigue is influenced by psychosocial work stressors. Further, the classification scheme of physical work demands have shown to perform well, 33 but subjective interpretations of the exposure categories could have influenced the results.
It should be noted that few women in our study reported heavy physical work demands, and we do not know whether our classification of physical work demands includes the same type of activity or occupation in women and men. In view of the long follow-up period (10-11 years) and the prerequisite that the workers who were included in the analysis should have participated at both HUNT2 and HUNT3, we cannot exclude the possibility that these findings are influenced by selection into the workforce, resulting in the healthiest workers accruing the most exposure over their lifetime. Unfortunately, we could not address short-term effects of the exposures nor if workers with high physical work exposures are more prone to change job. Thus, we do not have data on continuity of work, changes in employment status, exposure variation or the progression of insomnia during the follow-up period. Finally, it should be noted that there were only minor differences between workers included in the current study compared to those with missing information on central variables.
In conclusion, work-related physical fatigue is associated with increased risk of insomnia in vocationally active women and men, especially among workers who also reported chronic musculoskeletal pain. Physical work demands were not associated with risk of insomnia symptoms in women, but men with heavy physical work had a lower risk of insomnia. These findings suggest that there is an interplay between work-related physical fatigue and musculoskeletal pain that should receive particular attention in the prevention of insomnia in working populations. 
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